Purpose Amongst the epigenetically targeted therapies, targeting of the histone deacetylases (HDACs) has yielded numerous drugs for clinical use in hematological malignancies, but none as yet for acute lymphocytic leukemia (ALL). Single agent activity of HDAC inhibitors (HDACi) has been elusive in ALL, and has prompted study of combinatorial strategies. Because several HDACi raise levels of intracellular oxidative stress, we evaluated combinations of two structurally distinct HDACi with the redox active compound adaphostin in ALL. Methods The HDACi vorinostat and entinostat were tested in combination with adaphostin in human ALL cell lines. DNA fragmentation, caspase activation, mitochondrial disruption and levels of intracellular peroxides, superoxide and glutathione were measured in cells treated with the HDACi/adaphostin combinations. Antioxidant blockade of cell death induction and gene expression profiling of cells treated with vorinostat/adaphostin versus entinostat/adaphostin combinations were evaluated. Results Both combinations synergistically induced apoptotic DNA fragmentation, which was preceded by an increase in superoxide levels, a reduction in mitochondrial membrane potential, and an increase in caspase-9 activation. The antioxidant N-acetylcysteine (NAC) blocked superoxide generation and prevented reduction of mitochondrial membrane potential. NAC decreased DNA fragmentation and caspase activity in cells treated with adaphostin and vorinostat, but not in those treated with adaphostin and entinostat. Gene expression arrays revealed differential regulation of several redox genes prior to cell death induction. Conclusions A redox modulatory agent, adaphostin, enhances efficacy of two HDACi, vorinostat or entinostat, but via different mechanisms indicating a point of divergence in the mechanisms of synergy between the two distinct HDACi and adaphostin.
Introduction
Histone deacetylase inhibitors (HDACi) are a structurally diverse class of drugs that inhibit enzymes in the eleven member HDAC family. Since HDACs deacetylate protein substrates including histones, the HDACi promote histone acetylation, chromatin relaxation, and re-expression of silenced genes [1] and also promote acetylation of nonhistone protein which may or may not alter protein expression, function or localization. HDACi have been found to induce cell cycle arrest, differentiation, and apoptosis of several cancer types, including hematological malignancies [2, 3] . Several HDACi are currently in clinical use for lymphoma and myeloma, with many clinical trials underway in both solid and liquid tumors. Efforts to integrate HDACi into chemotherapy regimens for high risk and relapsed acute lymphocytic leukemia (ALL) are ongoing and offer an opportunity to improve outcomes for these poor prognosis patients for whom the 5 years overall survival rate is only 50%.
Vorinostat, a hydroxamic acid derivative, was the first HDACi approved by the FDA to treat cutaneous T-cell lymphoma that is progressive, persistent, or recurrent after two systemic therapies [4] . Vorinostat inhibits class I, II, and IV HDACs, and is considered a pan HDACi [4] . Entinostat, a benzamide derivative, is a class I HDAC inhibitor and has been evaluated in Phase I and II clinical trials for the treatment of hematologic malignancies [5] [6] [7] . Preclinical studies have well documented that HDACi exert their anti-cancer effects through various mechanisms given the broad regulatory targets of HDACi [8] . One mechanism is to promote histone hyper-acetylation and consequentially reactivation of silenced genes regulating DNA repair, cell cycle arrest, and apoptosis [9] . It is also interesting to note that HDACi promote generation of reactive oxygen species (ROS) and induce oxidative stress. For example, vorinostat triggers caspase-independent death of T-leukemia cells via ROS generation, which can be abrogated by pre-treatment with antioxidants [3] . Similarly, entinostat induces the intrinsic apoptosis pathway in myelomonocytic leukemia cells via increase of oxidative stress, and this apoptosis is abolished by pre-treatment with the antioxidant N-acetyl cysteine (NAC) [10] .
Although vorinostat as a single agent has enjoyed some clinical success [11] , researchers are testing combination therapies to achieve broader overall efficacy of HDACi. One prominent example is the empirical preclinical and clinical testing of HDACi with conventional DNA damaging chemotherapeutics like doxorubicin, gemcitabine, and docetaxel, with varying degrees of success [12] . Some notable combinations are already in early phase I and/or II clinical trials. For example, the combination of vorinostat with azacitidine in patients with newly diagnosed acute myelogenous leukemia is being tested in a phase II clinical trial (NCT00948064). Another trial evaluated vorinostat plus decitabine in patients with relapsed/refractory AML in a phase I setting [13] . Several preclinical studies have shown that HDACi sensitize leukemia cells to various proteasome inhibitors [14] , resveratrol [15] and the BCR/ABL kinase inhibitor KW-2449 [16] via an oxidative stress-dependent cell death pathway. However, given that both vorinostat and entinostat promote ROS-dependent apoptosis in leukemia cells, little has been done to examine the possibility of enhancing HDACi efficacy by specifically augmenting ROS generation pharmacologically.
Adaphostin is the adamantyl derivative of a tyrphostin kinase inhibitor and has been proposed to be a potential anticancer drug for the treatment of acute leukemia, in part because it is selectively toxic to leukemia cells as compared to normal lymphocytes [17, 18] . In addition to inhibiting tyrosine kinase activity, adaphostin also promotes oxidative stress in cancer cells by several mechanisms, including binding directly to complex III of the electron transport chain and up-regulating the expression of several oxidative stressrelated genes such as glutathione s-transferase, superoxide dismutase and heme oxygenase-1 [18] [19] [20] [21] .
Here, we hypothesized that increasing intracellular ROS levels using adaphostin would augment cytotoxicity of distinct HDACi with different specificities. We demonstrated, for the first time, synergistic, cytotoxic effects of the combinations, which are accompanied by potentiation of ROS generation, mitochondrial disruption, and caspase activation. However, while adaphostin promotes cell death of both vorinostat and entinostat in acute leukemia lines, the synergy is characterized by redox gene alterations specific to the HDACi being used.
Chemicals and antibodies
Adaphostin was generously provided by Dr. Robert Shoemaker at the NCI/NIH Developmental Therapeutic Program (Bethesda, MD, USA). Vorinostat was purchased from Cayman Chemicals (Ann Arbor, MI, USA) and entinostat was kindly provided by Syndax Pharmaceuticals (Waltham, MA, USA). Propidium iodide (PI) and N-acetyl cysteine (NAC) were purchased from Sigma (St. Louis, MO, USA). Dye for the detection of intracellular superoxide (dihydroethium-HE) was purchased from Invitrogen (Grand Island, NY, USA). Tetramethylrhodamine ethyl ester (TMRE) was purchased from Molecular Probes (Eugene, OR, USA). Caspase-3 substrate, DEVD-amc and the caspase inhibitors zVAD-fmk, DEVD-fmk, LEHD-fmk and IETD-fmk were purchased from Enzo Life Sciences (Farmingdale, NY, USA).
DNA fragmentation and synergy analysis
The percentage of sub-diploid population was measured as an indicator of apoptosis using propidium iodide (PI) staining followed by flow cytometric analysis. After 24 h of incubation with desired treatment, cells were centrifuged, washed with PBS and suspended in 500 µL of PI solution (50 µg/mL PI, 0.1% Triton X-100, and 0.1% sodium citrate in PBS) for a minimum of 3 h. Samples were assessed by flow cytometry on the FL-3 channel (FACSCalibur, Becton, Dickinson, Franklin Lakes, NJ, USA). CellQuest software (BD Bioscience, Franklin Lakes, NJ, USA) was used for the analysis of the data. After three different experiments, synergy was calculated using isobologram analysis based on the Chou and Talalay method [22] with Calcusyn software (Biosoft, Ferguson, MO, USA).
Detection of changes in mitochondrial membrane potential
Changes in mitochondrial membrane potential were measured using tetramethylrhodamine ethyl ester (TMRE) staining. After treatment, cells were centrifuged, washed with PBS, and incubated with 25 nM TMRE in 10 mM HEPES, 150 mM NaCl, 5 mM KCl, 1 mM MgCl, and 1.8 mM CaCl, pH 7.4 in a volume of 1 mL for 30 min. at 37 °C in the dark. After 30 min., cells were washed in PBS and fluorescence intensity was analyzed by flow cytometry on the FL-2 channel of a FACSCalibur flow cytometer and analyzed by CellQuest software (BD Bioscience, Franklin Lakes, NJ, USA).
Detection of intracellular superoxide
The intracellular superoxide level was measured using the cell-permeable dihydroethidium (HE) dye followed by flow cytometry analysis. Briefly,cells were centrifuged and suspended in 1 mL of PBS containing 10 µM HE. The samples were incubated for 30 min. in the dark at 37 °C. After 30-min. incubation, cells were centrifuged and washed with PBS and suspended in 500 µl of PBS. Fluorescence intensity was assessed by flow cytometer on the FL-3 channel and analyzed by CellQuest software (BD Bioscience, Franklin Lakes, NJ, USA).
Caspase-3-like activity assays
After treatment, cells were centrifuged, washed with PBS and suspended in in 150 µl PBS, and lysed by freezing and thawing once in dry ice. Triplicates of 50 µl of lysate were loaded on a 96-well plate and 150 µl of 50 µM DEVD-amc in DEVD buffer (10% sucrose, 0.001% IGEPAL, 0.1% CHAPS, 5 mM HEPES, pH 7.25) were added to each well. The release of fluorescence (amc) generated from the cleavage of DEVD-amc was measured using a spectrofluorometer (SpectraMax Gemini EM, Molecular Devices, Sunnyvale, CA, USA) using an excitation of 355 nm and emission of 460 nm.
Quantification of cellular glutathione (GSH) levels
After 24 h of treatment, cells were harvested and equal numbers of cells were aliquoted to new tubes and 50 μM of monochlorobromine was added to each sample, except for the unstained control. Cells were incubated with the dye for 15 min at 37 °C. After incubation, the reaction was stopped by adding trichloroacetic acid to a final concentration of 5%. Samples were collected and equal volume of methylene chloride was added. After samples were vortexed, they were centrifuged at 3500 RPM for 2 min and 200 μl from the aqueous phase was collected in a well of a white opaque 96-well plate. Fluorescence was measured using a microplate reader (Spectra Gemini EM, Molecular Devices, Inc. Sunnyvale CA) with excitation 398 nm and emission of 488 nm. GSH level was calculated using a standard curve with increasing GSH concentration that was prepared in parallel with the samples.
Oxidative stress and antioxidant defense PCR array
Total RNA was isolated from cells using the RNeasy Mini Kit (Qiagen, Valencia, MA, USA). The concentration and quality of the RNA were measured using a NanoDrop ND-1000 Spectrophotometer (Thermo Scientific Inc., Walthaman, MA, USA). For each sample, 0.5 µg of RNA was used to synthesize cDNA. The synthesis of cDNA was performed using the RT 2 First Strand Kit (Qiagen, Valencia, MA, USA). Real-time PCR was performed according to the manufacturer protocol for the RT 2 Profiler PCR array for Human Oxidative Stress and Antioxidant Defense (Qiagen, Valencia, MA, USA).
Quantitative real-time PCR
Total RNA was extracted from 2 × 10 6 Jurkat cells using the RNeasy Mini kit (QIAGEN, Valencia, CA, USA) according to the manufacturer's protocol. cDNA was synthesized from 1 µg of RNA using iScript cDNA synthesis kit (Bio-Rad, Hercules, CA, USA) according to the manufacturer's instructions. cDNA was diluted 1:5 and quantitative polymerase chain reaction (qPCR) was carried out using iTaq™ Universal SYBR ® Green Supermix (Bio-Rad Laboratories, Hercules, CA,USA), and either AOX-1 (Genecopoeia, Rockwille, MD, USA). The annealing temperature for all PCR samples was 60 °C, and the reaction was carried out for 40 cycles. Relative expression of genes of interest was analyzed by calculating the cycle threshold (Ct) values and normalized to actin Ct values.
Statistical analysis
For each condition, multiple experiments were performed, and the results are presented as the mean ± SD. The differences between two group conditions were analyzed using independent, two-tailed t tests (Microsoft Excel software, Redmond, WA, USA).
Results

HDACi synergize with adaphostin to induce DNA fragmentation in ALL cells
As single agents, vorinostat, entinostat, and adaphostin show in vitro efficacy against leukemia cell lines via a mechanism that increases ROS production [3, 23, 24] . Because oxidative stress induces cell death, we sought to determine whether the ROS generating compound adaphostin would synergistically enhance vorinostat and entinostat-mediated leukemia cell death. Jurkat and Molt-4 cells were treated with increasing concentrations of vorinostat or entinostat alone or in combination with adaphostin for 24 h, and DNA fragmentation was measured by flow cytometry following propidium iodide staining.
Treatment of Jurkat and Molt-4 cells with adaphostin, vorinostat, and entinostat as single agents induced DNA fragmentation compared to untreated control cells (Fig. 1a,  b) . Further, treating these cells with adaphostin-vorinostat or adaphostin-entinostat combinations significantly enhanced DNA fragmentation compared to single agents alone (Fig. 1a, b) . Isobologram analysis using the Chou and Talalay method [22] revealed that adaphostin synergizes with both vorinostat and entinostat to increase DNA fragmentation in Jurkat and Molt-4 cells as evidenced by combination index (CI) of multiple combinations, which are less than 1 ( 
Induction of DNA fragmentation by HDACi and adaphostin is caspase dependent
We next investigated whether a caspase-dependent apoptotic pathway was activated in ALL cells treated with the adaphostin and HDACi combinations. To this end, we measured caspase activity in Jurkat cells using DEVD-amc, a fluorogenic substrate for caspase-3. Jurkat cells treated with 0.5 μM vorinostat or 2.5 μM entinostat did not have a significant increase in caspase-3-like activity. However, adding adaphostin to these HDACi induced more caspase-3-like activity than HDACi as a single agent. The significant increase in caspase-3-like activity was observed starting at 12 h after treatment (Fig. 2a) .
When Jurkat cells were exposed to the pan-caspase inhibitor ZVAD for 30 min prior to treatment with synergistic combinations of adaphostin and HDACi for 24 h, DNA fragmentation was completely blocked, confirming that DNA fragmentation by the combinations was caspase dependent (Fig. 2b) . We then used caspase-8, -9 and -3 specific inhibitors to determine what caspases were activated by the synergistic combinations. Interestingly, protection against DNA fragmentation by caspase-3, -8, or -9 inhibitor varied. The caspase-9 inhibitor exerted the strongest protective effect (Fig. 2b) , suggesting that activation of caspase-9, but not caspase-8, is critical in cell death induced by the combinations. This conclusion was further corroborated by the use of caspase-8-deficient cells. Specifically, caspase-8-deficient Jurkat cells (I9.2) were treated with the single agents alone or the combinations, and DNA fragmentation was assessed. Compared to wild-type Jurkat cells, DNA fragmentation in caspase-8-deficient I9.2 cells was only moderately decreased by the combinations of either adaphostin-vorinostat or adaphostin-entinostat (Fig. 2c) , which suggests that cytotoxicity of the combinations does not rely on the expression or activity of caspase-8.
HDACi and adaphostin combinations disrupt mitochondrial membrane potential and potentiate intracellular superoxide levels
Since caspase-9 inhibition was the most effective at preventing DNA fragmentation induced by the adaphostin and HDACi combinations, we next investigated how the combinations activate caspase-9. Given that caspase-9 can be activated by the intrinsic apoptotic pathway, we decided to measure how the combinations affected mitochondrial membrane potential. Substantial reduction of mitochondrial membrane potential was detected starting at 12 h and sustained through 24 h (Fig. 3a) , indicating compromised mitochondrial membrane integrity. In addition, pan-caspase inhibition by ZVAD did not block the reduction of membrane potential induced by adaphostin and the HDACi combinations (Fig. 3b) , suggesting that reduction in mitochondrial membrane potential precedes caspase activation.
Because mitochondria are a major source of endogenous reactive oxygen species (ROS), and reduction of mitochondrial membrane potential is associated with oxidative stress, we hypothesized that ROS would be further enhanced by adaphostin and HDACi combinations as compared to HDACi alone. As shown in Fig. 3c , adaphostin potentiated the increase of superoxide (HE) by HDACi (both vorinostat and entinostat), with significant increases occurring at 16 h and continuing through 24 h. Previous studies have demonstrated that entinostat and vorinostat induce a ROS-dependent cell death [3, 23] , and we have shown here that adaphostin potentiates ROS production by these HDACi (Fig. 3c) . Therefore, we hypothesized that enhanced oxidative stress might contribute to the synergistic induction of DNA fragmentation by adaphostin and HDACi combinations. To test this hypothesis, Jurkat cells were pretreated with antioxidant N-acetyl-cysteine (NAC) for 30 min, and then exposed to adaphostin and HDACi combinations for 24 h. DNA fragmentation, superoxide levels, mitochondrial membrane potential, and caspase-3 activity were measured. As expected, pre-incubation with NAC blocked the increase of intracellular superoxide levels and prevented the reduction of mitochondrial membrane potential in both combinations (Fig. 4a, b) . However, caspase-3 activity and DNA fragmentation were reduced by NAC in cells treated with the adaphostin-vorinostat combination, but not in cells treated with the adaphostin-entinostat combination (Fig. 4c,  d ). These contrasting responses to NAC suggested that the mechanism by which the combination of adaphostin-entinostat induced cell death was distinct from the process of adaphostin-vorinostat-induced cell death.
Glutathione (GSH) does not prevent DNA fragmentation and loss of mitochondrial membrane potential in cells treated with adaphostin and HDACi combinations
Oxidative stress occurs when there is an imbalance between reactive oxygen species and cellular antioxidants. Given that NAC predominantly exerts its effects through increasing GSH, the most abundant intracellular antioxidant, we decided to test whether the distinct responses of the combinations to NAC were due to differential handling of GSH. We first measured levels of GSH in Jurkat cells treated with the single agents or drug combinations. We observed a onefold decrease in GSH in adaphostin-vorinostat group and a twofold decrease in GSH adaphostin-entinostat group (Fig. 5a) .
Because the drug combinations differentially affected GSH levels, we then tried to determine whether decrease of GSH is a mechanism by which the drug combinations generate oxidative stress and induce cell death. Jurkat cells were incubated with glutathione ethyl ester (GSHee), a soluble molecule that is converted to GSH by intracellular esterases for 30 min, and mitochondrial membrane potential and DNA fragmentation were measured after single agents or drug combinations treatment. Though GSH levels were increased in cells pre-incubated with GSHee (Fig. 5b) , the increase in GSH did not block the previously observed loss of mitochondrial membrane potential nor prevent induction of DNA fragmentation (Fig. 5c, d ). These results suggested that the induction of cell death by the drug combinations was independent of the decrease in GSH since supplying GSH was not preventive of DNA fragmentation.
HDACi and adaphostin combinations induce differential regulation of oxidative stress-related genes
In an effort to broadly investigate the distinct responses to NAC treatment by the two different combinations, we Figure 6a shows expression of 89 genes related to oxidative stress and antioxidant defense pathways, and most of the genes profiled were altered by HDACi and adaphostin combinations, indicating the relevance of the pathway in the induction of cell death by the drug combinations. Specifically, aldehyde oxidase 1 (AOX1), glutathione peroxidase-5, and lactoperoxidase (LPO) were all upregulated in cells treated with either of the combinations compared to untreated control cells (Fig. 6b, c ; Table 1 ). Glutathione peroxidase 6 (GPX6) and peroxiredoxin 6 (PRDX6) were upregulated in cells treated with the adaphostin-vorinostat combination compared to the adaphostin-entinostat combination, whereas myeloperoxidase (MPO) and angiopoietin-like 7 were downregulated by the adaphostin-vorinostat combination compared to the adaphostin-entinostat combination (Fig. 6b, c ; Table 1 ). We also confirmed the upregulation of AOX1 by adaphostin and HDACi combinations using RT-qPCR (Fig. 6d) . Taken together, these data demonstrate that the ROS-generating compound adaphostin augments HDACi-induced apoptosis in ALL cells via distinct oxidative stress-dependent mechanisms in each of the combinations.
Discussion
Currently, clinical trials investigating novel approaches to combine HDACi with other classes of anticancer agents are underway for relapsed and refractory acute lymphocytic leukemia patients [25] . Despite the known role of HDACi in inducing oxidative stress and apoptosis in leukemia cells [10] , little has been reported with regards to augmenting the anti-cancer effects of HDACi by potentiating oxidative stress pharmacologically. Here, we report that combining HDACi with adaphostin, a ROS generating compound, achieves synergistic induction of cell death, which is caspase dependent and is preceded by compromised mitochondrial integrity. In addition, synergistic cytotoxicity is rescued by the antioxidant NAC in the adaphostin-vorinostat combination but not in the adaphostin-entinostat combination, suggesting distinct mechanisms for ROS generation in response to two different combinations.
Because adaphostin and HDACi may induce cell death through both ROS-independent and -dependent mechanisms, we evaluated whether potentiation of ROS accompanied the synergistic increase in apoptosis. Time course analyses revealed that generation of ROS and subsequent mitochondrial membrane depolarization are early events triggered by both adaphostin-vorinostat and adaphostin-entinostat combinations. Similar to our findings, others have reported that entinostat alone [6] or entinostat in combination with the nucleoside analogue fludarabine [26] induces ROS-dependent apoptosis in leukemia cells accompanied by mitochondrial dysfunction. Likewise, Ruefli et al. demonstrated that vorinostat induces ROS-dependent apoptosis of leukemia cells that is accompanied by mitochondrial disruption and cytochrome c release [27] .
We further refined the mechanism by demonstrating that the apoptosis initiated by these combinations is caspase-9 and caspase-3 dependent. Our data suggested that adaphostin augments HDACi-induced oxidative stress to promote activation of the stress-initiated intrinsic pathway of apoptosis. Interestingly, Ruefli et al. reported that the ROS-dependent cell death induced by vorinostat in CEM acute leukemia cells is caspase-independent [27] . This discrepancy is likely due to cell-specific responses to vorinostat, because others have reported that apoptosis of Jurkat cells induced by vorinostat alone or in combination with the proteasome inhibitor bortezomib is caspase dependent [28] . We also showed that pretreatment with the antioxidant NAC prevented superoxide accumulation and mitochondrial membrane depolarization by both combinations, indicating that ROS production is necessary for these early steps of apoptosis. Additionally, NAC pretreatment decreased caspase-3 activation and apoptotic DNA fragmentation in cells treated with the adaphostin-vorinostat combination, demonstrating that ROS production is a prerequisite of the synergistic increase in apoptosis rather than a consequence of it.
In contrast to the results in the adaphostin-vorinostat combination, caspase-3 activity and DNA fragmentation were not abrogated by pretreatment with NAC in the adaphostin-entinostat combination, suggesting that vorinostat and entinostat synergize with adaphostin to induce cell death by distinct mechanisms (Fig. 7a) not shown), further prompting us to focus on alternative mechanisms of synergy such as redox. Since oxidative stress is dependent on the balance of reactive oxygen species and cellular antioxidants, we measured changes in glutathione, an important cellular antioxidant. Despite a significant reduction in glutathione levels caused by the adaphostin-entinostat combination, providing exogenous glutathione did not protect cells from mitochondrial 
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Casp 3 ? membrane permeabilization, caspase-3 activation, or DNA fragmentation after treatment with either combination. Therefore, the mechanisms by which adaphostin synergizes with these HDACi in Jurkat cells are independent of glutathione. Interestingly, several genes involved in redox control are differentially regulated by the combinations, which may explain the different responses to NAC. For example, aldehyde oxidase 1 (AOX1), which promotes superoxide generation by oxidizing NADH, is substantially upregulated in the adaphostin-entinostat but not in the adaphostin-vorinostat combination. AOX1 is a member of the cytosolic molybdenum hydroxylase family and is involved in the metabolism of a wide range of xenobiotic compounds including anti-cancer and immunosuppressive drugs [29, 30] . Recent epigenetic and gene expression profiling studies have identified the association between AOX1 and pathogenesis and progression of several cancers such as prostate, ovarian and brain tumors [31] [32] [33] . Interestingly, AOX1 was downregulated due to promoter hypermethylation in a study comparing prostate cancer tissue versus adjacent benign tissue [34] . However, studies so far have not linked AOX1 to histone acetylation. To this end, our results suggested that HDACi may act through promoting the expression of AOX1 to amplify ROS production by adaphostin, thus exerting synergistic induction of cell death (Fig. 7b) . Another possible mechanism of action may be the induction of ROS by adaphostin can affect how specific HDACi promote redox gene expression. Furthermore, we speculate that the differential upregulation of AOX1 between the adaphostin-entinostat and the adaphostin-vorinostat combination maybe due to specific class of HDAC differentially inhibited by entinostat versus vorinostat. Therefore, specific inhibition of Class I HDACs by entinostat can be linked to specific redox gene expression that leads to robust upregulation of AOX1 expression. Future studies will address these possibilities to elucidate the relevance of AOX1 in adaphostin and HDACi combinations.
Taken together, our results suggest that combining HDACi with ROS generating agents like adaphostin could be a useful strategy to improve the efficacy of HDACi for the treatment of leukemia; however, unique redox mechanisms are likely for different HDACi combinations.
